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(54) METHOD FOR PRODUCING FREE CUTTING STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively produce a free cutting steel which has 
machinability equal to or above that of a lead free cutting steel as-rolled. 

SOLUTION: The steel has a composition containing, by mass, <0.05% C, <2.5% Si, 0.1 to 4.0% Mn, 
>0.2 to 0.8% S, >0.004 to <0.08% B, >0.008 to 0.05% O and <0.05% N, and the balance Fe with 
inevitable impurities. Further, its hot rolling is performed at the heating temperature of 1,100 to 
1,250° C. and at the rolling finishing temperature of >1, 000° C. 
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(54) tttt!]»ro«i£2f8; 



(57) im®] 

nun m&mmiFrti>* ®& 

C : 0. 05%*St Si : 2. 5 X&T. Mn : 0. 1 -4.0 X, 
S : 0. 2 %j& 0. 8 %«T. B : 0. 004 Xj6. 0. 08%* 
M, O: 0. 008 %£. 0. 05X£rFS«fctf N : 0. 05%*^l 

—1250*0, EB**7a**iooo , csu:iT*. 



(2) 

1 

[#HFi»#©ffiH] 

[»#H1J «»XT, 
C : 0. 05X*$t, 
Si : 2. 5 X«T> 
Mn : 0. 1 -4.0 X. 
S : 0. 2 Xjg. 0. 8 X£TF. 
B : 0. 004 Xj@> 0. 08%*#t. 
O : 0. 008 %M. 0. 05%KT*J:tf 
N : 0. 05X*$t 

S£WU »firaFe*J:tf*iiJ*tt*M*©«(fcfc:ft* 10 
»frS, W«ffiOT*lC«U »Hfr*llOO~125Ot:0 

ias«cmsftL, iooot&±©fl**TE«*»7i"* 
tsfcat-rsftHMi©****. 

u mmftzim-mwvugzmztamL, iooot^ 

±©m«*Ti&l§l!©fflB§**7U S&K 1050- 1200 
C©»**lCinJRU lOOITC«±0fl«*TiB2K©EE 
if .**7TS £ t £T3ftB'JSH©fijfi;S£o 
[M#S3] »**l*fctt2fc*^T, S 
e.tRM%T, Cu^2. 0%, Ni^2.0 X, Cr^3. 0 X, M 20 
0^2.0 X£cfctfNb^0. 10% CD 5 *>fr bl^'lli/c: 

[§lWc«4] flf&Bl, 2*fctt3t*fr»T, ttJt 
*». W^0. 1 X£J:tfV^0. 5 X©5 

£#$£-f3fti|iJ8i©gjg;S£. 
[»#B5] IMli 2, 3£&tt4K£V>T, ft 
fr*». S££ft4XT. P^0.2 X. Te^O. 2 X. Se^ 
0. 2 X, Sn^O. 3 X. Zr^O. 2 X, Ca^O. 02X, REM ^ 30 
0. 02X, Bi^O. 3 X. Sb^O. 2 X. Co^O. 1 X43£tfTi 
^0.3 X©3-6A»6a^iaSfctt2tt«±*^r 

*a«cft * i fr*RBi«!©«jfi*tt. 

*«, 3 6CJt«XT\ Mg^0.02X, Hf£0. 1 X£J:tfAl 
£1.0 X©5"6^6a^l«*fcl42«a±***1- 

[&9i©i¥8iiftift9» 

[0OO1] 

[36WOKT*a*»»] £©»««. 'ft*Jfl©ftifi# 40 
*IMtt*3:JUM>©ff?iJft|6|±*H5 5 if a fe<DT* 

•So 

[0 0 0 2] 

tt»©*Mtt-*I*lM>K«*lfcW!l*lfcLT, J IS 
fc«£SnT^5lSJtftl*J843J:tf»ftli'J91, 

TV»<5. 50 
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[0 0 0 3] +Tt>, flBfeffJfltt, *BJttK«tl, Lt5> 
HiJfJtLT^fflStlTt^. L>fcLftd*S, »ttA#C 

*«e>T*r#T»*;:t^6, n#©wftii8£i*Tft 

<, *tt*m>fc*tft«fl©«iftii8K*ir»T, 
Ofttl'aiMlfc&RtU $&iWr©U-!H *;HBT*> 

[0 0 0 4] ±fi©H»l;:i6*.*t>0£LT, flAfiflf 
WB350-96416 *4Hlfctt, ffl<f©C£iy&t LT#£ 
3*. £©m$a©t8^£Pra#ffl£fiJffl-f3c:£t==fc-3 
T, IBtfflVi* it ft LC*B!ltt**#-r-5 
SftTIr**. L*>l/ft*«6. £©#&«, »*©C£|| 
»ft-r*4S"*±. *©IMB8£LT»*Mj8i»*Tir*T?* 

[0 0 0 5] 

[36«jWS*L«fc 5 £©*«», ±f2©5i 

H©ft^ttHd*&. «*»c«jfi-r*it«»Tffrs, ff 
«ft*iw«i©iijfi*ftft«3irr*j:t*i»£-r*. 

[0 0 0 6] 

[«H*#»r*fc»©^S] ST. 5g9l#£te> tt« 
*tttf©*Jfc&J:tftt6#ftfcOV»T, tBfi&W^fro 

MfePfittu ift**««iai±r-5. tec. task 

©ffl.*8*tt, C*50.05massX*?i$TiSMS-&'5i 
<hTfft3ii#£ft5. 

[0 0 0 7] 2) C»£0. 05iassX***Ttt«-r* 
<fc, -*T4abfc«)D<"f*»«»b^6<ftt)«]t)< 

r&attjWST-r*. in^^ft-r^fc*('«, (a) b 

* 0.004massX@, 0. 08nassX*«t, £fcN£0. 05mass 
%jfcffiC>ffimTmtiaTZ>&<i:Zf(b) Mn£ 0. lmassXR 
±> S£ 0. 2massX@*.i5cktfO£: 0. 008massX@*.g5 
»"r*fct>5 2 0©*a*H«HCi*£t«tWlC«»T 

[0 0 0 8] ^©tJsOTfe^o ±12 (b) 

©lfK»WB*fT5itfcJ:-3T, 0)*©O«Mn<J:«£^L 
TMnO*4fiei-?>„ :ncj:D, MnO±tMnS*^j« 
U. MnO-lhS«^ftftAt»i«Sti*. i©MnO-Mn 

»ttT#ft-f*fca, «JWliOI«ffC***+«E£UTff 
fflT*. i©Kk:, BSr±|E(a)©|gHT^JnitT*< 
itl^tO. MnO-MnSa^ft«£flMBi:©#iBtB 
^<S*rL. lhO-MnS«[^flE»©a[ttS»*«fcij-II 

«i$ijlt. fca**ftuB£.ks?7y*©£j«£fiarr 



(3) 

3 

4rti/fc!f5«y^ofeji*#afcr*. ^ e>fc b£n 

©&£(;:<£ D^ffcLfcBNte, «fc<»&ttT^S«fc'5K: 
W»fMi*rf LTfMJT 

*-»C»#T6. Cft&©fMiK±OfflB<r©tt*rtt 
38«S*Cl«iI±t*4e*, C<0.05nassXfcV>ofcttC* 
fcfc^Tfc, WO<T**«»5MKT0li*a:«O<'J' 10 

S. 

[0 0 0 9] 3) ±IB1) Ktn*T, I£*%©fa±l~ 
it. B*©ltaJ3J:tfB©SsJOrt*ff$»T*-5. d©SE& 
tt, Mn, BO^JpCcktJifflia+fc:^^ h*Uft#t£ft 

©. «iWinii$c«a*«t'«£fc?), ^It^ge^ 20 

W0<t*4jfeWM»£&*jfc&T**. ±12© 

-5. 

[0 0 10] 4) SM&lCjgff&&tfrMnS0B?gffi1)J 

±<Dtctb\Z\t, f&ffi&mm<DHnS<Dto&ZW®2lt2>& 30 
*-©fc»Ktt. 3RIBEEi£»C*W-Sl0J»iaft 

[ooii] r^t>^. fkmfcmmiDijam&m&Miz 

K#oTltasa«-«B*U ^frSKck 0 t>MnS ©fig 

ffi-r5©t?, M#©¥$tittlbS©#ftgm*fi&2iafR 40 
©*^{'JtKbTai$iJ^n^o UD&BEifffffOMn Settle 
■ bT«Wbfc»*. MnSa*«fcD#ft3*lfc *>©©»« 

&. Sfc, EK*fl=K:3V»Ttt, ftMnS##ftT-5fi 

£*i* 9oo~iooo < c©«aT$.o. c©ia^« t to s bS 

^■K«*fcttftV»«flt«Ttt"€-©#*©B*tt^ai» 
ZttfmWLtz. Hot; EE 

SfflE^ttT 900~iooot:©ia««*ia»-r*ctc 
J:ot, ihs©#ftft»*»k:*Hir*ci*«T#, J e- 

©IS*. *Bltttt*g!Cia±-r4. d©f£91te, ±ffi© 50 
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ttJiK:4WT*fe©T»*. 
[0 0 12] ffcto-fc. £©»fi©g&Rj£M:&©d:* 

1 . SMXT, C : 0. 05X*«t, Si : 2. 5 %&T, Mn : 
0. 1 ~4. 0 X, S : 0. 2 %S> 0. 8 X£HT. B : 0. 004 
Xj& 0. 08%*iSS. O : 0. 008 %j@. 0. 05X£rF*J:'tf 
N : 0. 05X**Jt*£#U »9f4Fe*«tO^?I»»^FII 

«©««£&****. iftiBEis-r-scRix. run-* 

1 100~ 1250'C©jaflE«ClnJ» U iooot:£ii±©fi«*T 
[0 0 13] 2. JiBlfcfcHT, MFH-©lftnEXCIB 

u R«ffr*iioo~i250'c©»**i:*uRb." looirca 

±©fiK«TJBlS©JESft»7L, ££> £1050-1200 
t©fi*«fclllJI&U 1000'CK±©a«*T!B2a©E 

K**7T*;i££tt«iT3Ww«©aft#ac. 

[0 0 14] 3. l£iifcH2l:tm 1 mWifi, £ 
6CJt*%T, Cu^2. 0 X. Ni^2. 0%. Cr^3. 0 %, M 
o^2.0 %&£tfNb^0. 10X©5-&j&»&RA/£lR*fc 

« 2 R«±*£*rr zmmztzz z t ww 

81©Sjg*fto 
[0 0 15] 4. ±B1, 2S&I4 3C«^T, »fr 

**. sskjirxt?. w^o. i %&j;tfv^o.5 %©? 
eftR&-r£tfcMfl©Rjfi#s. 

[0 0 16] 5. ±B1, 2, 3tfctt4lC*V>T, MF 
fr*«.. P^O. 2 X, Te^0.2 X, Se^ 

0.2 X, Sn^O. 3 %s Zr^O. 2 X, Ca^O. 02X, REM ^ 
0.02%, Bi^O. 3 X. Sb^O. 2 %, Co^O. 1 X^itfli 
^0.3 X©5-6*»6a^ia*fctt2«tt±t**r 
•5a«Cfc*££S4f«£T*ftffl*©«ifc5F8!. 

[0 0 17] 6. ±El~5©l>r*l*»C*i»T, Hit 

*». ^e>{ca»%T, Mg^o. 02%, Hf^o. i %*«tt;Ai 
^i.o x©3-fe#6a£«ia*;ifcf42aa±**rr 

^fflfiKt'^^C<!:*!|fm£-r^ttN'J8?©S3jg7jffi 0 
[0 0 18] 

[58«H©**©»!6] KT. C©3BWC*V»T, *#© 
*»«*ft±E©i[BfcBSbfc«SK"3t»TRirr 

s. KTk:*T«5Mai*©xse*tt rsa%j t? 

C:0.05%*iH 

cwt, aiflnt«©fc*fcj6iiD-r5. u*»utt*»6, 0.05 

H"Jtt*»ttT-T*fc», CfiO. q5%*jil(CiJIS'r-5. & 

»SL<«0. 04%KT£1--5o 
[0 0 19] Si : 2. 5 %^T 

si*©fl±ic*»ic»4-r**«, fsmmtfl 2.5%^@x. 

•5£XA#^©®T£fi<©T, Si« 2. 5X£IT£MB 
T4^SA»»5. ifJKtt 0. 6%^T£-T-5. 
[ 0 0 2 0 ] Mn : 0. 1 ~4. 0 % 
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ffiTfc*r^T&5„ St^LTMnSS-S^tt 
0*5efctf S ttS^l/TMnO-MhS*^flE«*4riEl/, 

J»**fc3fc©lctt, ^fc<£*> 0. 1X©S##j&I?T 
4.0 X*S**£!lflW»±#U »IMtt««*T 
"t-Sfc©, Mntt 0.1-4.0 XOHSHKRjrr*. fc*. 
ffillSBtt 0.5-2.5 %l?SbZ>. 
[0 0 2 1] S : 0. 2 %m> 0. 8 %£JLT 10 
Stt, WfTMntlS^b, MnStfcoTWBMnil*©* 
«JD'<T©#»rS«SKLT*Hitt& 

^»*Jna*fc£b<. 0.8%^@^T^Dn-r-5i: 
«WMnXffCD«T*«<fc», 0.2XjB. 0.8 %&T© 

[0 0 2 2] B : 0.004 %j& 0. 08%*SI 
Btt, MnO-MnS«-&^a«t«»t©*iliC««fU, 

u wo<r*a«tt*iiii±*-&-5ja**«»s. n 
*»**>**&©, mmmzmm-tz. b^u^s. $ 

0.004XttTTtt*©SSlq»*fc:2l,<, -#o. 
08%£*±i£iDLTfc, *■©*&*««» U trU5*»3 
XK©±#&JB<fc©, BttO. 004 Kg. 0. 08%*ii© 
WIlfcRSr*. fc*, #*U<ttU0(MXiH, 0.015 30 

[0 0 2 3] O : 0. 008 %i§. 0. 05XKT 

CMnStf^ffcU MDO-l(DS*^ft«|««»|«Sn-5. 
^©MiiO-«iiSa^ft*f4EifT?#iib^6<. tttt 

•MBi UTfMi-r*. £©fc©«SWt;:Ssfcrf-5. Lift 
Ufc*»&, 0.008X«TTtt*©SSllH»*fc£ 

t < . -#o. 05% &jB*T*ip-r* 

364"f4.fc5t:ft*fc»&. Ott 0. 008%j@, 0. 05%£*T 40 
©flHCB&l'S. fc*, ff£L<tt 0.008%®. 0.03 
%«TTi&-5. 
[0 0 2 4] N : 0. 05%*® 

Nit iui'e®ctt±cfftfisA»ttit#t&D, wrnn 
©Mno -mds msft&®'\<Di&i]m$*-em o <Dmmz± 

**ff *&, B£©|g£K:J:DBN*»« 
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©> »«WKJ6l0T*. bjJ»Lfcrt*S, £W*#0. 05% 

aft. Ntt0.05X*HtclB€-r*. 
[0 0 2 5] K±, afcMta-C^TWHbfc**, £© 

t**. *r, &Att£fa±s-B\ "w^f hm*** 

fc, Co, Ni, Cr, Mb*«fctWlb©5%^6a^iaSfc 

tt 2 aeiufcssiirrs £ tan?**. 

[0 0 2 6] Cu^2. 0 % 

T#5. LjfebfctfS, 2. 0'X 3$ 

h^tfe^-S©!?. Cutt2. 0 %«TT*^*^it-S>t)©i 
"fa. #fCff^L<tt 1.0XKTT**. 
[0 0 2 7] Ni^2. 0 % 

Mitt, ttAttrtiicj:*^^ h&m&mzzzmi 
tt©i^±*«j:^§Sflr*«©fc»tasipT* c t*»T* 

<. »*Wiftfc±#LT*|||tt©«T*«k©Tr, Ni 

tt 2. oxerFT##£-&* *>©£**. wcffactt 

1. 

[0 0 2 8] Cr^3. 0 % 
Crtt, ttAtt©l«a±C«tD, hffij®©£j££<g 

3. 0 %£@AT*JnT-5<h, 

»37hfe±#t5©T, Crtt 3.0%£TFT^*£-&-5 
fc©£T-S. ff£L<tt 1.556KTTJ&S. 

[0 0 2 9] Mo^2. 0 % 

tt©Kd±*±^§fi*««©fc©t:asiD-rs c: 

<, 5ft**»il«K±#UT*BiJtt*«fiT-r*©T?. Mott 

2.o%«mt5t5fe©fr§„ #fc»sttt i.o 

%^TTfe-5„ 
[0 0 3 0] Nb^O. 10% 
Nbtt, ftAtt*lft±$#, VW&QLmz&Z®. 

©ffiT*S<©T, NbttO. l0%WTT##^-tt^t)©i 

r*. 

[0 0 3 1 ] *fc, aME|jd±*H*fc©C Wi5«J;Z/V 

©5-B*6aA/«ia*fctt2a*asiar*ctJ8«T# 

-5. 

W^O. 1 % 

Wtt. H*CJ:SaiKl^±fPffl**r5*t. 0.1 %^@ 
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ATStoTaifcfipjttjPttTraoT. wa o. i%erF 
-fa. 

[0 0 3 2] V^O. 5 % 

VH V (C, N) KJ:*«ria§lfl:fcJ:?)ai**l^±$ 
*4*ffl7C*T**«*, 0.5 X*jBAT8slp-r*fc*B!l 

T-5. 

[0 0 3 3] S6IC, «BiM©£e,ft$fa±£@5/c© 
fc, P, Te, Se, Ca, REM, Zr, Bi, Sn, Sb, Coi3«fctfTi 

©5 t>Mfvti'pti. < t h i «£^;fr s-tts c: ta*-? 10 

P^0.2 % 

pte. 4«Lfc«it)<r+©^7y^©fi**eaK"r 

*. LjfrUaPS. 0.2 %£i@ATfetinT££&F B t ];t)ni 
ttSfiT3li:*©T» Pte 0. ZXSHTfcRjrr-a. 

[0 0 3 4] Te^O. 2 %. Se^O. 2 % 
Te* J: Se te-^tl^fl, Mn t L TMnTefe <t lAInSe * 

=to«sjft^5S:#Ts. v»rnt>o.2x 20 

±#£«<©t, ^n^*n 0. 2%kUFT*^#£i±3&© 

[0 0 3 5] Ca^O. 02%, REM ^0. 02%, Zr^O. 2 % 
Ca, RHI*«ktfZrtt^mt), IfnS i#fc§Httt*IMJc 

&BiJtt£&^-f3. l^Ufc*«5. Ca:0. 02%. REM: 
0. 02%£.J:tfZr:0. 2 XfciB*T*lllLTfc8l*#fift 
-r-5_t, fi&#=]Xh©-h# v»rnt>±e© 
«irea#atf*t>©£-*-*. 30 
[0 0 3 6] Bi^O. 3 % 

Bitt. «Bij«F©^a, mft&&ztmtfcmiz£K>. mi 

tt£fS)±$it5©T, ^©BWT^ln-rszitdiT^ 
5. L^L&#S>, 0.3 %*jHAT»lPbTt>»*d«fi 
9l-r«tf^D^ fig^a^ h©±#£$<©T, Bite 
0. 3%^TT^=fr$-frS t>©t f£. 

[0 0 3 7 ] Sn^O. 3 %. Sb^O. 2 %*>J:tfCo^0. 1 % 
Sn. SbS^tfCott^-ftlfc. Mfcfcmz£9mi&*ft 
iS-B-^TC^Tfe^. L*>U&j9t&, Sn:0. 3 %, Sb : 
0.2 %£J:tfCo : 0. 1 X*8*T«HqUT"b, 40 
»r«±, 3*h#±#U jg&fttC^fiJtft-S©-?, 
^Tn t> ±E© IITtt $ -e-s *> © i T -5 . 

[0 0 3 8] Ti^O. 3 % 
Tite, TiSi5±tf(Mn. Ti) S ££s5cLTWD < "f* ©£ 
^J^tpiSi^O, WD<1*«l£tt£l*l±£tt*fM!>&«fc 
-5. 0.3 %SrSAT^DDTSt. 

TiNtftftAU WIMiPII$©IJWMfeG«**LT. SM 
tt#*ftTr*®T. lite 0. 3%aTTMSt5fe©i: 
T-5. ffil^ateO. 01%«TT£-5>. 

[0 0 3 9] Mg^O. 02%. Hf£0. 1 % 50 
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Mg£J:tfHfte-Hmi> KRTcJrTNfcSttfcK:, 

ftt bTtt-€-*i-en±e©iBiat:iiiiiB-r*. 

[0 0 4 0] Al^l.O % 
Alte, H»5SflsK«k*3l|E©«lft*«fcEXKRK:Wa&7c 

fc*. ft^T. H*Hfl:*«fc^***'PiEtl/T©«i* 

i.o %zm7LTmm-?%tmmm<tmzj:z>xmm 

£3©T, Alte 1.0%«TT^W$"B--5^©<i:-r-5. ft 

#*b<teao2x*«i-r*. 

[0 0 4 1] &4J, #f§93Tte. •£©£&*» S, Pbte* 

*Wfcjsmuftv»39«, ^ntettfBWfcaap-r«ct««T 
fctmsrr titeji ^©Tfente, -ewssiufctttf* t> © 
±©BS^e.^tn»te o. ixskTumzwutzz. tarn 

[0 0 4 2)^11, £©5BW©#MMt*#K:oHTBl 
^©fgWTte. MnS©#ft&»«-r-5fc»C, 

■f, ^KESI^(C*tt^l)P.«iia^^ll00~1250 < CiT-5 

©te, noot:*si©ia^TteMns^<H^-ti-r, §sjg 

1250t:RTi:T^©te. d©S 

7ta^S:iooo , c«±fr-5©te, cin^Tisi-siaff^T 
te, *is©#fi3ft«a*ta*&»T»*. 

[0 0 4 3] C©f6WTte, 2gpg©E 

lite. MIBEBEiB«*fr**©«fc5ca«1-a. ffcfr 

fflK{COViTte, ±EL/fctC*tHi;TS&S. 
*2ft©*PIJBBi«**fHct?V»Ttt, mig©E^II 
«tOMnS««*|fflfl:SnTV»*©T, iPf^iaEtel200t^ 

1050*0 ?rTIU-5 i«tt©»IBIffiiifi*S 1000*Ca±fc<t 
JtT«©««HJtitt4©Tf. lDiim^tel050~ 12000 1 
d©B2g©^F B 1E®Tfc. EE 
®«!7aSSrlO0O < CW±<h'r-5^S^*-5©temi©© 

[0 0 4 4] 
[HJfi^J] HigWl 
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